M. REDHEAD MODELS IN PHYSICS 


The paper is cmcerned with the role of theoretical models in physics. These 
are to be distinguished from analogue and representatimal models, from 
approximations and also from the technical use of the term in mathematical 
logic. Theoretical models arise in two situations: (1) When a theory is too 
complicated to apply exactly a simplified model may be employed. In this case 
models play the role of impoverished theories, an important ingredient being 
that we believe the description afforded by the model to be in point of fact 
false.- (2) A theory may be incompletely specified by some general constraints 

or principles. A model may be proposed which fills in the details of the theory. 
In this case models serve to enrich theories. They remain models, as distinct 
from theories, insofar as they are not proposed, even tentatively, as true 
descriptions of reality. Models and thories can change their roles at different 
historical epochs. If a theory proposed as a true description is later shown to 
be false, it may stili serve as a model for the new theory. Similarly if the 
model mechanism used to enrich an incompletely specified theory turns out to 

give successful predictions the model may come to achieve the honorific status 

of theory. 


Three uses of models are distinguished, 

1. The articulation of theories: 

Models can be used to see what kinds of qualitative behaviour a complicated 
theory might have. This may lead successful investigation as to whether the 
complete theory also exhibits this behaviour - without the use of models we 
might not know what to look for in the complicated theomy. 


2. The tating tts role of models: 

If a theory is too complicated to be applied exactly to some group of pheno- 
mena, a model may be proposed which is more tractable. This model may have 
some property which serves to explain sane aspect of the phenomena. We do not 
know if the original theory has this property or not, but we may introduce 

a new theory in which this property is now incorporated as am:axiom. The new 
theory and the old may or may not be equivalent, in general we simply do not 
know, so this is a striking case of a neutral analogy between model and a 
theory being converted into a positive analogy. Alternatively where the model 
enriches a theory, some particular property may be made model-independent by 
fiat and fedback as an additional constraint on the old theory. Examples of 
both heuristic methods are given from the field of particle physics. 


3. The testing of theories: 
If a model is used to make empirical predictions a difficulty arises in 


attributing a falsification to the underlying theory of the special properties 


of the model, for example in the case of impoverishment whether the approximations 


made in arriving at the model are the source of the incorrect predictions. Tt 
is only if we have independent evidence for the truth of the theory that 
empirical tests of a model can be used to assess mathematical approximations. 
In practice physicists are well aware of this situation and in cases where 
approximations camot be assessed directly the technique of 'modeiling' a 
theory in two or more different ways, and comparing the results, is often 
employed as a method of ssessing the accuracy of approximations. The Bayesian 
reasoning behind this approach is noted. The case of the 'floating' model is 
next discussed. Here the model is again disconnected from the theory by the so- 
called ‘computation gap'. But also the predictions of the model do not match 
with observation. Nevertheless the maiel may be daimed to be of value. 
Professor Post's strictures on this situation are examined and it is concluded 
that floating models should only be employed where adjustment of the model to 
secure agreement with experiment can be made in an intuitively simple way. The 
adjusted model can then be thought to capture essential features of the under- 
lying theory, insofar as this theory is itself believed to be true. 


Finally it is argued that the employment of models in the sense of impoverished 
theories is essential to scientific method in general. It is moreover in this 
respect that the imaginative and intuitive element in theoretical physics is 
most clearly seen so far as normal science in the Kuhnian sense is concerned. 
Modelling is an Art and insofar as it is essential to Science the latter can 


itself be said to be more of an art than a science. 


ae 


MODELS IN PHYSICS: ABSTRACT 


The relevance of models in physics to philosophical problems 
lies solely in the light they throw on the problems of predictabilility 
and re@lism. Uses of the term 'model' in modern theoretical physics 
that have no bearing on these problems seem to result from the fact 
that physics has increasingly become an abstract game of symbols 
rather than a traditional type of empirical science. 


The problem of predittability is this. Campbell argued, 
against such formalists as Duhem, that if theoretical systems are 
divorced from physical interpretation, except ‘fora few peripheral 
translations into experimental laws, then their development would 
become scientifically arbitrary and subject to no constraints 
except those of pure mathematics and logic. therefore, he argued, 
the theoretical axioms theriselves must be interpretable into a model 
derived from some physical system other than the explanandum of the 
theory. He unfortunately used the. term 'analogy' for this model, 
although tanelogy' is a relational term, and it was not @tear what 
two relata the analogy was supposed to relate. my terminology of 
mocelj, modely and positive, negative and neutral analogy was 
supposed to sort out this muddle.” 1 argued further that Campbell 
was right to reject formalism as a vhilosophy of theoretical science 
for essentially the reasons he gave. 1 have since reinforced this 


_@rgument along the lines of De Finetti's personalist probability 


theory, by suggesting that the relation of analogy is the fundamental 
inductive relation which grounds our instinctive confidence in ell 
inductive predictions (see The Structure of Scientific Inference). 


I argued against campbell that for this notion of predictive 
confidemce to work, some form of realism must be assumed. ‘rhe 
problem of realism has since*taken a new lease of life as a result 
of the aebate about theorychange and meaning variance. whe sequence 
of paradigms in their theoretical axa aspect may be equivalently 
described as a sequence of very general theoreticel models: or 
conceptual tremeworks (not in vr Redhead's sense of en “impoverishpent 
of theory" ~ they are the presupvositions of theory languages). 

None of these theoretical models capture the "real", and in their 
historical sequence there is not even any disce rnible approximation 
to the ontology of the real (atoms and void give place to continuous 
fielas of force, to discrete trensitions between quantum states, to 
ae. etec.). The question is, what is the velation of a given such 
conceptual scheme to physical reality? We have in any case to 
abandon naive billiard ball realism, whet can be put in its place 
which will emong other things be adequate for a theory of the 
predictive power of physics as explained abovey Some realism of 
physically invariant mathematical structures seems indicated, 
provided physics still claims to be strongly predictive and not 
merely either instrumental or @ non-empirical mathematical geme. 
Modern physics is a crucial case for the interpretation of models, 
its relation to the philosovhical problems of model use remains 
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